Polaribacter tangerinus sp. nov., isolated from sediment in a sea cucumber culture pond The samples were spread on marine agar 2216 (MA; Becton Dickinson) and incubated at 25 C for up to 7 days. Strain WS2-14 T formed circular (0.8-1.5 mm in diameter), convex, smooth, orange colonies with entire margins on MA medium after culturing at 28 C for 4 days. Subcultivation was performed routinely on MA at 28 C for 3 days under aerobic conditions and the strain was preserved at À80 C in sterile 1 % (w/v) saline supplemented with 15 % (v/v) glycerol. Type strains P. atrinae JCM 19202 T [obtained
The genus Polaribacter, in the family Flavobacteriaceae, was proposed by Gosink et al. [1] with the descriptions of three novel species, Polaribacter filamentus (the type species of the genus), Polaribacter franzmannii and Polaribacter irgensii, and the reclassification of 'Flectobacillus glomeratus' [2] . The type species, P. filamentus, was isolated from surface sea water, 350 km north of Deadhorse, Alaska. Over the past few years, a total of 18 Polaribacter species have been described (www.bacterio.net/polaribacter.html; [3] [4] [5] [6] ). These species have been isolated from diverse locations: P. irgensii [1] and P. filamentus [1] from sea ice in Antarctica; P. franzmannii [1] , P. dokdonensis [7] , P. gangjinensis [8] , P. glomeratus [2] , P. butkevichii [9] , P. marinaquae [3] and P. marinivivus [10] from seawater; P. porphyrae [11] and P. reichenbachii [12] from marine algae; P. huanghezhanensis [13] from marine sediment; P. lacunae [4] from a lagoon; P. vadi [5] from a marine gastropod; P. undariae [14] from a brown alga reservoir; P. atrinae [15] from the intestine of a comb pen shell; P. haliotis [6] from the gut of an abalone; and P. sejongensis [16] from an Antarctic soil sample. Here, we report on the taxonomic characterization of one Polaribacter-like bacterial strain, WS2-14 T , which was isolated from sediment of a sea cucumber culture pond located in Rongcheng, Shandong province, PR China (122 14¢ E, 36 54¢ N).
The samples were spread on marine agar 2216 (MA; Becton Dickinson) and incubated at 25 C for up to 7 days. Strain WS2-14 T formed circular (0.8-1.5 mm in diameter), convex, smooth, orange colonies with entire margins on MA medium after culturing at 28 C for 4 days. Subcultivation was performed routinely on MA at 28 C for 3 days under aerobic conditions and the strain was preserved at À80 C in sterile 1 % (w/v) saline supplemented with 15 T was cultured routinely on MA at 15 C for 7 days).
Extraction of genomic DNA was performed by using a commercial genomic DNA extraction kit (Takara) following the manufacturer's protocol. The DNA G+C content was determined by high-performance liquid chromatography (HPLC), as described previously [17] , using lDNA (Takara) as the standard. The 16S rRNA gene from WS2-14 T was amplified by PCR using universal primers 27f and 1492r [18] . The purified PCR product was ligated into pMD18-T vector (Takara) and cloned according the manufacturer's instructions. Sequencing was performed using the universal primers M13R (5¢À3¢CAGGAAACAGCTATGACC) and M13F (5¢À3¢TGTAAAACGACGGCCAGT). The sequences were compared to other 16S rRNA gene sequences using BLAST-N at https://blast.ncbi.nlm.nih.gov and EzBioCloud at www.ezbiocloud.net. Alignment of the almost-complete 16S rRNA gene sequence (1442 bp long) of strain WS2-14 T against related species of the genus Polaribacter and related taxa was carried out using CLUSTAL W [19] . Phylogenetic trees were reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony methods in the computer program MEGA version 7.0 [20] . The stability of relationships among the clades of the phylogenetic tree was evaluated by bootstrap analysis based on 1000 resamplings [21] . Comparative 16S rRNA gene sequence analysis indicated that strain WS2-14 T was phylogenetically affiliated to the genus Polaribacter and was closely related to P. haliotis KCTC 52418 T (97.7 % 16S rRNA gene sequence similarity), P. atrinae JCM 19202 T (97.4 %) and P. sejongensis KOPRI 21160 T (97.0 %). These results, in which the 16S rRNA gene sequence of strain T was found to show no more than 97.71 % similarity to the corresponding sequences of established Polaribacter species, indicated that strain WS2-14 T represented a novel species in the genus Polaribacter [22] . In a neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, strain WS2-14 T fell within a clade comprising species of the genus Polaribacter (Fig. 1 ). This topology was also supported by the maximum-likelihood and maximum-parsimony trees.
The draft genome sequences of strains WS2-14 T and P. haliotis KCTC 52418
T were sequenced at Beijing Novogene Bioinformatics Technology (Beijing, China) using an Illumina HiSeq 2500-PE125 platform with massively parallel sequencing Illumina technology. The average nucleotide identity (ANI) was calculated using JSpecies software version 1.2 [23] . DNA-DNA hybridization (DDH) values were analysed using the Genome-to-Genome Distance Calculator (GGDC2.0) [24] . The draft genome sequencing of strain WS2-14 T contained 19 contigs with a total size of 2 673 863 bp. The G+C content of the bacterium, calculated from the draft genome sequence, was 31.2 mol%, which correlated with the data obtained by HPLC (31.9 mol%). The draft genome sequence of P. haliotis KCTC 52418
T contained 29 contigs with a total size of of 3 785 222 bp. The ANIb values showed that strain WS2-14 T exhibited low levels of similarities with the two closely related species, with values of 76.5 % (P. haliotis KCTC 52418 T ) and 75.6 % (P. atrinae JCM 19202 T ). The estimated DNA-DNA hybridization values also showed that strain WS2-14 T exhibited low levels of relatedness with the two closely related species, with values of 15.6-21.2 % (P. haliotis KCTC 52418 T ) and 14.1-19.6 % (P. atrinae JCM 19202 T ). The values of both the ANIb and the DDH were below the cut-off values for species differentiation [23, 25] .
The morphological, physiological and biochemical characteristics of strain WS2-14
T were investigated after cultivation on MA at 28 C for 3 days. The Gram reaction was determined using the bioM erieux Gram-stain kit according to the manufacturer's instructions. The presence of flagella was tested by using Flagella staining kits (Solarbio). Cell morphology, size and motility were examined by light microscopy (E600; Nikon) and scanning electron microscopy (model Nova NanoSEM450; FEI) after growth on MA at 28 C for 3 days at the Analysis and Testing Center for Physics, Chemistry and Material, Shandong University. Gliding motility was determined as described by Bowman [26] . The presence of flexirubin-type pigments was investigated using 20 % (w/v) KOH solution [27] . Growth at 4, 10, 15, 20, 25, 28, 30, 33, 37, 40, 42 and 45 C was measured for 7 days on MA to determine the optimal temperature and temperature range for growth. The pH range for growth was determined in marine broth 2216 (MB; Becton Dickinson) that was adjusted to various pH values (pH 5.5-9.5 at intervals of 0.5 pH units) by the addition of HCl or NaOH, with the addition of buffers [MES (pH 5.5 and 6.0), PIPES (pH 6.5 and 7.0), HEPES (pH 7.5 and 8.0), Tricine (pH 8.5) and CAPSO (pH 9.0 and 9.5) (Sangon)] at concentrations of 20 mM, and OD 600 values of the cultures were measured after incubation for 3 days at 28 C. Salt tolerance was tested at 28 C by using NaCl-free MA (prepared according to the MB formula, but without NaCl) with different NaCl concentrations (0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 % as final concentration, w/v) and colony growth was recorded every 12 h.
Growth under anaerobic (10 % H 2 , 10 % CO 2 and 80 % N 2 ) and microaerobic (5 % O 2 , 10 % CO 2 and 85 % N 2 ) conditions were determined after incubation for 14 days in an anaerobic jar with or without 0.1 % (w/v) KNO 3 . Catalase and oxidase activities and hydrolysis of agar, starch, cellulose and Tweens 20, 40, 60 and 80 were determined as described by Dong and Cai [28] . DNase activity was examined by using DNase test agar with methyl green (Difco) supplemented with 2 % NaCl. Antibiotic sensitivity was assessed as described by the Clinical and Laboratory Standards Institute [29] . Inoculated plates were incubated at 28 C for up to 7 days. Other physiological and biochemical characteristics were determined with by using API 20E and API ZYM kits (bioM erieux) according to the manufacturer's instructions, except that the inoculum was generated by suspending cells in 3 % (w/v) NaCl solution. Acid production from carbohydrates was determined using the API 50CHB fermentation kit (bioM erieux). The ability to oxidize various carbon compounds was determined with Biolog GEN III MicroPlates according to the manufacturer's instructions. The salinity of the 50CHB medium was adjusted to 3 % (w/v) by addition of autoclaved 30 % (w/v) NaCl solution before inoculation, as were Biolog GEN III MicroPlates. The API 50CHB strips and Biolog GEN III MicroPlates were cultured at 28 C and recorded every 24 h till to 7 days (except that P. filamentus KCTC 23135
T was cultured at 15
C and recorded every 24 h till to 10 days).
Cells were Gram-stain-negative, aerobic, non-flagellated, non-gliding and coccoid, ovoid or rod-shaped, approximately 0.3-0.6 µm in diameter and 0.4-1.6 µm long (Fig. S1 , Polaribacter haliotis RA4-7 T (KX450477)
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Lutibacter aestuarii MA-My1 T (HM234096) T by differences in several phenotypic characteristics, including catalase and oxidase activities, ability of starch hydrolysis, and susceptibility to some antibiotics. The detailed results of morphological, physiological and biochemical analyses are given in Table 1 and the species description.
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Cell biomass for isoprenoid quinones analysis was obtained from cultivation for 3 days in MB medium at 28 C. Isoprenoid quinones were extracted according to the method of Tindall [30, 31] and analysed by using a silica-gel thin-layer chromatography (TLC; Merck Kieselgel 60 F254) and HPLC. The sole respiratory quinone in strain WS2-14
T was MK-6, which was in line with the genus Polaribacter.
For the cellular fatty acid analysis, cells grown at 25 C for 2 days in MB (except that P. filamentus KCTC 23135
T was grown at 15 C for 7 days) were harvested and subjected to freeze-drying. The fatty acids were extracted according to the standard MIDI protocol (Sherlock Microbial Identification System, version 4.5). Fatty acids were methylated and analysed by using an Agilent 6890 N gas chromatograph and identified using the TSBA40 database of the Microbial Identification System [32] . The major cellular fatty acids (>10 % of the total) in strain WS2-14 T were iso-C 13 : 0 (15.5 %), iso-C 15 : 0 3-OH (14.2 %) and iso-C 15 : 0 (37.1 %). The majority of the fatty acid components of strain Table 1 . Differential phenotypic characteristics of some closely related Polaribacter species 1, Strain WS2-14 T ; 2, P. haliotis KCTC 52418 T ; 3, P. atrinae JCM 19202 T ; 4, P. filamentus KCTC 23135 T . Data were obtained in this study unless indicated. All species were negative for Gram-staining, urease, motility, production of flexirubin-type pigments, hydrolysis of agar and cellulose. +, Positive; À, negative. 
WS2-14
T were similar to those of the reference strains, although there were quantitative differences in each predominant component. The complete fatty acid profiles of the isolate and the reference strains are shown in Table S1 .
The polar lipids profile of strain WS2-14 T was analysed using two-dimensional TLC by the Identification Service, LeibnizInstitut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany. Total lipid material was detected using molybdatophosphoric acid and specific functional groups detected using spray reagents specific for defined functional groups according to Tindall et al. [33] . The major polar lipids were phosphatidylethanolamine, one unidentified phospholipid, one unidentified aminolipid and three unidentified lipids (Fig. S2 ).
In conclusion, on the basis of phylogenetic analysis and differential phenotypic and chemotaxonomic properties, strain WS2-14 T should be classified as a novel species of the genus Polaribacter, for which the name Polaribacter tangerinus sp. nov. is proposed.
DESCRIPTION OF POLARIBACTER TANGERINUS SP. NOV.
Polaribacter tangerinus (tan.ge.ri¢nus. N.L. masc. adj. tangerinus tangerine-colored, due to the growth colour).
Cells are Gram-stain-negative, aerobic, non-flagellated, non-gliding and coccoid, ovoid or rod-shaped, approximately 0.3-0.6 µm in diameter and 0.4-1.6 µm in length. Colonies on marine agar 2216 are circular, smooth, convex, orange and 0.8-1.5 mm in diameter after incubation for 5 days at 28 C. Motility is not detected. Growth occurs in 0.5-6.0 % (w/v) NaCl (optimal, 3.0 % NaCl), at temperatures between 10 and 37 C (optimal, 28 C) and at pH 6.5-8.5 (optimum, pH 7.0-7.5). Growth does not occur under anaerobic conditions, but grows weakly under microaerobic conditions on MA with or without 0.1 % (w/v) KNO 3 . Flexirubin-type pigments are not produced. Negative for catalase, oxidase, nitrate reduction, indole and H 2 S production. Hydrolyses Tween 20, but not Tweens 40, 60 and 80, alginate, starch, DNA, CM-cellulose or agar. Cells are positive for Simmons' citrate utilization and the Voges-Proskauer test, but gelatinase amylase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease and tryptophan deaminase tests are negative. Alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, trypsin and naphthol-AS-BIphosphohydrolase are produced, but esterase (C4), esterase lipase (C8), a-chymotrypsin, a-galactosidase, bgalactosidase, a-glucosidase, N-acetyl-b-glucosaminidase, b-glucosidase, b-glucuronidase, lipase (C14), a-fucosidase and a-mannosidase are not. Acid is produced from Dribose, D-galactose, aesculin, salicin, lactose, trehalose, starch, D-lyxose, D-tagatose, potassium 2-ketogluconate and potassium 5-ketogluconate. In carbon source oxidation tests, positive results are obtained for maltose, gentiobiose, melibiose, D-galactose, D-sorbitol, sucrose, mucic acid, Lmalic acid, bromo-succinic acid, dextrin and a-D-glucose. The sole respiratory quinone is MK-6 and the main cellular polar lipids are phosphatidylethanolamine, one unidentified phospholipid, one unidentified aminolipid and three unidentified lipids. The predominant cellular fatty acids are iso-C 13 : 0 , iso-C 15 : 0 3-OH and iso-C 15 : 0 .
The type strain, WS2-14 T (=KCTC 52275 T =MCCC 1H00163 T ), was isolated from sediment collected from a pond for sea cucumber culture in Rongcheng, Shandong province, PR China (122 14¢ E, 36 54¢ N). The DNA G+C content of the type strain is 31.2 mol%. 
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